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57] ABSTRACT

A semiconductor processing method of forming a resistor
from semiconductive material includes: a) providing a node
to which electrical connection to a resistor is to be made; b)
providing a first electrically insulative material outwardly of
the node; c¢) providing an exposed vertical sidewall in the
first electrically insulative material outwardly of the node; d)
providing a second electrically insulative material outwardly
of the first material and over the first material vertical
sidewall, the first and second materials being selectively
etchable relative to one another; €) anisotropically etching
the second material selectively relative to the first material
to form a substantially vertically extending sidewall spacer
over the first material vertical sidewall and to outwardly
expose the first material adjacent the sidewall spacer, the
spacer having an inner surface and an outer surface; f)
ctching the first material selectively relative to the second
material to outwardly expose at least a portion of the spacer
outer surface; g) providing a conformal layer of a semicon-
ductive material over the exposed outer spacer surface and
over the 1nner spacer surface, the conformal layer making
electrical connection with the node; and h) patterning the
conformal layer into a desired resistor shape. SRAM and
other 1ntegrated circuitry incorporating this and other resis-
tors 1s disclosed.

19 Claims, 6 Drawing Sheets
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1
METHOD OF MAKING A RESISTOR

RELATED PATENT DATA

This patent resulted from a continuation application of
U.S. application Ser. No. 08/409,505, filed on Mar. 23, 1995,
now U.S. Pat. No. 5,635,418 entitled “A Method Of Making

A Resistor” listing the inventor as Martin Ceredig Roberts.

TECHNICAL FIELD

This 1nvention relates generally to semiconductor pro-
cessing methods of forming resistors from semiconductive
material, and to static random access memory (SRAM) cells
incorporating resistors, and to other integrated circuitry
Incorporating resistors.

BACKGROUND OF THE INVENTION

One of the common elements required 1n electrical circuit
devices 1s the pull-up or pull-down device from an active
device to one of the power supply buses, typically referred
to as Vcc. The pull-up 1s simple if used to construct a circuit
using discrete components 1n that all that is required 1s
selecting a resistor of the desired resistance and tolerance,
connecting 1t between an active device such as an open
collector ftransistor and Vcc, and the transistor’s output
would be pulled up to Vcc once the transistor 1s forward
biased. With the advent of the integrated circuitry, however,
fabricating a resistance onto a wafer substrate, such as
silicon or gallium arsenide, takes special consideration,
particularly when resistivity and tolerances play an impor-
tant part 1n circuit operation.

For example, as SRAMs have evolved from the 4 Kb
memory arrays to more densely packed array sizes, toler-
ances of pull-up resistances had to be tightly controlled. In
order to minimize standby current, many fabrication pro-
cesses adopted use an active device as the pull-up. In CMOS
fabrication, 1t 1s common to see a PMOS transistor acting as
the current path between a memory cell access transistor and
the power supply bus. In this manner, the PMOS transistor
can be gated “on” only when the desired line 1s to be pulled
up to Vcc and turned off otherwise. This 1 essence elimi-
nated leakage current and minimizes standby current for the

SRAM device as a whole.

The main drawback to using an active device for a pull-up
device 1s the amount of space required to fabricate the
device. Now that the SRAM generation has grown to the 1
Mb array size, die space 1s a critical factor to consider.
Technology has basically pushed all types of integrated
circuits to be more densely packed, and pull-ups are a
common element 1n many circuit designs.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described
below with reference to the following accompanying draw-
Ings.

FIG. 1 1s a diagrammatic cross-sectional view of a semi-

conductor wafer fragment at one processing step 1n accor-
dance with the invention.

FIG. 2 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 1.

FIG. 3 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 2.

FIG. 4 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 3.

FIG. 5 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 4.
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FIG. 6 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 5.

FIG. 7 1s a diagrammatic top view of FIG. 6.

FIG. 8 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 6.

FIG. 9 1s a view of the FIG. 1 wafer fragment at a
processing step subsequent to that shown by FIG. 8.

FIG. 10 1s a view of the FIG. 1 waler fragment at a
processing step subsequent to that shown by FIG. 9.

FIG. 11 1s a schematic representation of SRAM circuitry
in accordance with an aspect of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

This disclosure of the invention 1s submitted in further-
ance of the constitutional purposes of the U.S. Patent Laws
“to promote the progress of science and useful arts” (Article
1, Section 8).
In accordance with one aspect of the invention, a semi-
conductor processing method of forming a resistor from
semiconductive material comprises the following steps:
providing a node to which electrical connection to a resistor
1s to be made;
providing a first electrically insulative material outwardly of
the node;

providing an exposed vertical sidewall 1n the first electri-
cally insulative material outwardly of the node;

providing a second electrically insulative material outwardly
of the first material and over the first material vertical
sidewall, the first and second materials being selectively
etchable relative to one another;

anisotropically etching the second material selectively rela-
tive to the first material to form a substantially vertically
extending sidewall spacer over the first material vertical
sidewall and to outwardly expose the first material adja-
cent the sidewall spacer, the spacer having an 1nner
surface and an outer surface;

ctching the first material selectively relative to the second
material to outwardly expose at least a portion of the
spacer outer surface;

providing a conformal layer of a semiconductive material
over the exposed outer spacer surtace and over the 1nner
spacer surface, the conformal layer making electrical
connection with the node; and

patterning the conformal layer into a desired resistor shape.

In accordance with another aspect of the invention, an
integrated circuit comprises:

a first electrically msulating material layer having an outer
surface;

an electrically msulative pillar extending substantially ver-
tically outward of the first layer, the pillar having oppos-
ing substantially vertical side surfaces;

an elongated resistor, the resistor comprising a layer of
semiconductive material which serpentines over the first
layer outer surface and the pillar vertical surfaces;

an electrically conductive first node 1n electrical connection
with the resistor on one side of the mnsulative pillar; and

an electrically conductive second node 1n electrical connec-
tion with the resistor on the other side of the insulative
pillar.

In accordance with yet another aspect of the invention, an
SRAM cell comprises:

a first pull down transistor having a gate, a source and a
drain;

a second pull down transistor having a gate, a source and a
drain;
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the gate of the first pull down transistor being electrically
coupled to the drain of the second pull down transistor;

the gate of the second pull down transistor being electrically
coupled to the drain of the first pull down transistor;

a Vcc node;

a first resistor electrically coupled with the Ve node;

a second resistor electrically coupled with the Vce node;

the drain of the first pull down transistor being electrically
coupled through the first resistor to the Voc node;

the drain of the second pull down transistor being electri-
cally coupled through the second resistor to the Vce node;
and

at least one of the first and second resistors comprising:

a first electrically insulating material layer having an outer
surface;

an 1nsulative pillar ring extending substantially vertically
outward of the first layer, the pillar ring having opposing
inner and outer substantially vertical side surfaces;

an elongated resistor, the resistor comprising a layer of
semiconductive material which serpentines over the first
layer outer surface and the pillar ring vertical surfaces to
form a container shape resistor within the pillar ring;

an electrically conductive first node 1n electrical connection
with the resistor on the 1nside of the 1nsulative pillar ring;
and

an electrically conductive second node 1n electrical connec-
tion with the resistor on the outside of the insulative pillar
ring.

These and other aspects of the mvention will be more
readily appreciated by the following description of a pre-
ferred embodiment in connection with the accompanying
drawings.

Referring initially to FIG. 1, a semiconductor waler
fragment 1n process 1s mndicated generally with reference
numeral 10. Such comprises a bulk substrate 12 and 1sola-
tion field oxide region 14. Active arca implants 16 and 18 are
provided within bulk substrate, and 1n the preferred embodi-
ment constitute drain and source 1implants of an SRAM cell.
Typically and preferably, implant regions 16 and 18 would
be n+ doped to, for example, 1x10"° or greater ions/cm”. For
purposes of the continuing discussion, implant region 16
constitutes a node to which electrical connection to a resistor
1s to be made.

A gate oxade layer 20 and overlying patterned polysilicon
pull-down transistor gate layer 22 are provided. Polysilicon
layer 22 1s conductively doped with n-type dopant material
to an example and preferred concentration of 10°° ions/cm”.
Electrically insulative oxide spacers 24 are provided about
the edges of patterned gate or interconnect layer 22, as
shown. A first electrically insulative material layer 26 1is
provided outwardly of patterned gate layer 22, and corre-
spondingly outwardly of node 16. An example and preferred
material for layer 26 1s undoped S10,. A design goal 1n the
described preferred embodiment 1s to provide electrical
connection from and between interconnect layer 22 and
node 16 through a resistor to a Vcc node.

Referring to FIG. 2, an opening 28 1s provided 1n first
clectrically insulative material layer 26 over node 16. Open-
ing 28 comprises sidewalls 30 and an open width or open
cross dimension “A”. Sidewalls 30 constitute exposed ver-
tical sidewalls 1n first electrically mnsulative material 26. In
the preferred embodiment, opening 28 stops on polysilicon
layer 22 and accordingly at this point in the process does not
outwardly expose node 16.

Referring to FIG. 3, a second electrically insulative mate-
rial layer 32 1s provided outwardly of first material layer 26
and within opening 28 to a thickness which 1s less than
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4

one-half opening width “A” to less than completely fill such
opening with second electrically imsulative material. The
first and second electrically mnsulative materials are selected
to be selectively etchable relative to one another, with a
preferred material for layer 32 being Si1;N, where layer 26
comprises undoped S10.,.

Referring to FIG. 4, second material layer 32 1s anisotro-
pically etched selectively relative to first material layer 26 to
form a substantially vertically extending sidewall ring or
spacer 34 within opening 28. This also outwardly exposes
first material layer 26 adjacent the sidewall ring or spacer 34.
For purposes of the continuing discussion, ring or spacer 34
comprises an mner surface 36 and an outer surface 38.

Referring to FIG. 5, first material 26 1s etched selectively
relative to second material 32 to outwardly expose at least a
portion of ring outer surface 38, and to provide an exposed
outer surface 27 of first layer 26. Ring or spacer 34 cflec-
fively constitutes an electrically insulative pillar which
extends substantially vertically outward of electrically 1nsu-
lative first layer 26.

FIG. 6 illustrates an etch of poly layer 22 and subse-
quently gate oxide layer 20 to outwardly expose node 16.
FIG. 7 1s a top view of FIG. 6, showing the outline of spacer
or ring 34.

Referring to FIG. 8, a conformal layer 40 of a semicon-
ductive material 1s provided over exposed outer ring surface
38 and over mner ring surface 36 within opening 28 to define
a container shape 42 of semiconductive material within
opening 28. An example and preferred material for layer 40
1s polysilicon doped with p-type material to a concentration
of 10"-10"® ions/cm”. Container shape 42 contacts, and
accordingly makes electrical connection with, node 16
within opening 28.

Referring to FIG. 9, a photoresist masking layer 44 1s
provided to mask container portion 42 of conformal layer
40. With mask 44 1n place, unmasked exposed portions of
layer 40 are conductively doped to a concentration of at least
1x10" ions/cm” with n-type dopant material. Inherent wafer
processing results 1n sufficient temperatures to cause n-type
dopant material from polysilicon gate or interconnect layer
22 to out diffuse 1nto the 1llustrated lower or 1mnner portion of
container 42. Thus 1n the preferred embodiment, the lower
or mner portion of the illustrated container 42 1s conduc-
tively doped to a higher 1s conductivity doping concentration
than the upper or outer p— doped region of container 42.
Thus 1n the preferred embodiment, different conductivity
dopant concentrations are provided at different locations
relative to semiconductor resistor layer 40.

For example, the two 1llustrated heavily n-type doped
regions constitute highly conductive material, wherein the
intervening undoped region constitutes a low conductance
and therefore high resistance areca, thereby forming two
back-to-back diodes in the polysilicon layer. The reverse
bias diodes form a high resistive load. The n+ doped lower
portion of container 42 electrically connects with node 16 on
the 1nside of the insulative pillar ring. Likewise, the n+
doped region created by the masking and doping electrically
connects with another electrically conductive node on the
outside of the insulative pillar ring.

FIG. 10 illustrates removal of layer 44 and subsequent
patterning s of layer 40 1nto a desired shape. The result 1s the
illustrated elongated resistor constituting a highly conformal
semiconductive material layer which serpentines over first
layer 26 outer surface 27, as well as over the pillar opposing
vertical surfaces 36 and 38. Layer 40 1s ultimately patterned
as shown to define a resistor which comprises the illustrated
container shape 42.
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Although 1n the 1illustrated and preferred embodiment a
container shaped resistor 1s produced, a singular, non-
enclosed pillar might be produced to result in a non-
container resistor.

FIG. 11 schematically illustrates one example of an
SRAM cell n accordance with the invention utilizing at
least one of the subject resistors. Such comprises a pair of
first and second pull-down transistors 50 and 52 respec-
fively. These include respective drains 53, 54; respective
sources 35, 56; and respective gates 57, 58. Gate 57 of first
pull-down transistor 50 1s electrically coupled to drain 54 of
second pull-down transistor 52. Likewise, gate 38 of second
pull-down transistor 52 1s electrically coupled to drain 53 of
first pull-down transistor 50. A ground node 58 and a Vcc
node 60 are provided. A first resistor 62 and a second resistor
64 clectrically couple with Vcc node 60. Drain 53 of first
pull-down transistor 50 electrically couples with Vec node
60 through first resistor 62. Drain 54 of second pull-down
transistor 52 electrically couples through second resistor 64
to Vee node 60. A pair of access transistors 66 and 68 are
also provided.

In the context of the previous described construction, gate
interconnect layer 22 constitutes a cross-coupling connec-
tion from one of the illustrated pull-down gates 57 or 38,
which diffusion regions 16 and 18 constituting a drain and
the source, respectively, from one pull-down transistor and
one access transistor, respectively. At least one of first and
second resistors 62, 64 preferably comprises one of the
described container resistors, with both preferably compris-
ing such resistor.

The 1illustrated construction provides an advantage over
prior resistor constructions in extension or elongation of a
resistor over previously formed elongated sidewalls.

In compliance with the statute, the invention has been
described 1n language more or less specific as to structural
and methodical features. It 1s to be understood, however, that
the mvention 1s not limited to the speciiic features shown
and described, since the means herein disclosed comprise
preferred forms of putting the invention into effect. The
invention 1s, therefore, claimed 1n any of its forms or
modifications within the proper scope of the appended
claims appropriately interpreted in accordance with the
doctrine of equivalents.

I claim:

1. A semiconductor processing method of forming a
resistor from semiconductive material comprising the fol-
lowing steps:

forming a circuit node to which electrical connection to a

resistor 1s to be made;

forming a first electrically insulative material outwardly
of the node;

forming an opening i1n the first electrically insulative
material over the node, the opening having an opening
width and sidewalls;

forming a second electrically insulative material out-
wardly of the first material and within the opening to a
thickness which 1s less than one-half the opening width
to less than completely fill the opening with second
clectrically insulative material, the first and second
materials being selectively etchable relative to one
another;

anisotropically etching the second material to form a
substantially vertically extending sidewall spacer
within the opening and to outwardly expose an upper
surface of the first material adjacent the sidewall
spacer, the sidewall spacer having an inner lateral
surface and an outer lateral surface;
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removing a portion of the first material to outwardly
expose at least a portion of the sidewall spacer outer
lateral surface;

providing a conformal layer of a semiconductive material
over the exposed outer lateral sidewall spacer surface
and over the 1nner lateral sidewall spacer surface within
the opening to define a container shape of semiconduc-
tive material within the opening, the container shape
making electrical connection with the circuit node; and

patterning the conformal layer to define a resistor com-

prising the container shape.

2. The semiconductor processing method of forming a
resistor of claim 1 wherein the step of forming the opening
in the first electrically imsulative material over the circuit
node does not outwardly expose the circuit node prior to the
formation of the second electrically insulative material.

3. The semiconductor processing method of forming a
resistor of claim 1 wherein the first material comprises
silicon dioxide and the second material comprises silicon
nitride.

4. The semiconductor processing method of forming a
resistor of claim 1 further comprising masking the container
shape of the conformal layer while conductively doping
unmasked portions of the conformal layer.

5. The semiconductor processing method of forming a
resistor of claim 1 wherein the container shape includes an
outer elevation portion and an inner elevation portion, the
method further comprising conductively doping the inner
clevation portion to a higher conductivity doping than the
outer elevation portion.

6. The semiconductor processing method of forming a
resistor of claim 1 wherein the first material comprises
silicon dioxide and the second material comprises silicon
nitride, and further comprising masking the container shape
of the conformal layer while conductively doping unmasked
portions of the conformal layer.

7. The semiconductor processing method of forming a
resistor of claim 1 wherein the first material comprises
silicon dioxide and the second material comprises silicon
nitride, and the container shape includes an outer elevation
portion and an 1nner elevation portion, the method further
comprising conductively doping the 1nner elevation portion
to a higher conductivity doping than the outer elevation
portion.

8. The semiconductor processing method of forming a
resistor of claim 1 further comprising masking the container
shape of the conformal layer while conductively doping
unmasked portions of the conformal layer, and wherein the
container shape includes an outer elevation portion and an
inner elevation portion, the method further comprising con-
ductively doping the inner elevation portion to a higher
conductivity doping than the outer elevation portion.

9. A semiconductor processing method of forming a
resistor from semiconductive material comprising the fol-
lowing steps:

forming a first electrically msulative material outwardly

of a circuit node;

forming an exposed vertical sidewall in the first electri-
cally msulative material;

forming a second electrically insulative material out-
wardly of the first material and over the exposed first
material vertical sidewall, the first and second materials
being selectively etchable relative to one another;

removing a portion of the second material to form a
substantially vertically extending sidewall spacer over
the exposed first material vertical sidewall and to
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outwardly expose the first material adjacent the side-
wall spacer, the spacer having an 1nner lateral surface
and an outer lateral surface;

removing a portion of the first material to outwardly
expose at least a portion of the spacer outer lateral
surface; and

forming a conformal layer of a semiconductive material
over the exposed outer lateral spacer surface and over
the inner lateral spacer surface, the conformal layer
making electrical connection with the circuit node.

10. The semiconductor processing method of forming a
resistor of claiam 9 wherein the first material comprises
silicon dioxide and the second material comprises silicon
nitride.

11. The semiconductor processing method of forming a
resistor of claim 9 further comprising providing the confor-
mal layer to have different conductivity dopant concentra-
tions at different locations.

12. The semiconductor processing method of forming a
resistor of claim 9 wherein the first material comprises
silicon dioxide and the second material comprises silicon
nitride, and further comprising providing the conformal
layer to have different conductivity dopant concentrations at
different locations.

13. A semiconductor processing method of forming a
resistor comprising the following steps:

forming an opening 1n a first electrically 1nsulative mate-
rial over a circuit node to which electrical connection 1s
to be made;

forming a substantially vertically extending sidewall
spacer within the opening, the sidewall spacer having
an 1nner lateral surface and an outer lateral surface and
comprising a second 1nsulative material; and

forming a layer of a semiconductive material over the
sidewall spacer outer lateral surface and over the side-
wall spacer 1nner lateral surface, the semiconductor
material defining a resistor 1n electrical connection with
the circuit node.
14. The method of claim 13 wherein the circuit node
comprises an implant in a semiconductor substrate.
15. A semiconductor processing method of forming a
resistor comprising the following steps:

forming an opening 1n a first electrically 1nsulative mate-
rial over a circuit node to which electrical connection 1s
to be made;

forming a substantially vertically extending sidewall
spacer within the opening, the sidewall spacer having
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an mner lateral surface and an outer lateral surface and
comprising a second insulative material; and

forming a layer of a semiconductive material over the
sidewall spacer outer lateral surface and over the side-
wall spacer inner lateral surface, the semiconductive
material comprising a first region and a second region,
the first region having a different conductivity doping

than the second region, the semiconductive material
defining a resistor 1n electrical connection with the
node.

16. The method of claim 15 wherein the circuit node
comprises an implant in a semiconductor substrate.

17. The method of claim 15 wherein one of the semicon-
ductive material regions 1s doped by out diffusion from an
adjacent semiconductive layer.

18. A semiconductor processing method of forming a
resistor comprising the following steps:

forming a doped polysilicon layer over a circuit node;

forming a first electrically insulative material over the
doped polysilicon layer;

forming a first opening 1n a first electrically insulative

material over the circuit node, the first opening not
extending to the circuit node;

forming a layer of a second electrically insulative material
within the first opening;

forming a second opening through the layer of second
clectrically insulative material and through the first
clectrically insulative material to the circuit node;

forming a resistor layer within the second opening and 1n
electrical contact with the circuit node; and

out-diffusing dopant from the doped polysilicon layer into
the resistor layer.
19. A semiconductor processing method of forming a
resistor comprising the following steps:

forming a doped polysilicon layer over a circuit node;
forming an oxide layer over the doped polysilicon layer;

forming a first opening 1n the oxide layer over the circuit
node, the first opening not extending to the circuit node;

forming a nitride layer within the first opening;

forming a second opening through the nitride layer and
through the oxide layer to the circuit node;

forming a resistor layer within the second opening and 1n
electrical contact with the circuit node; and

out-diffusing dopant from the doped polysilicon layer into
the resistor.
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